Treatment Approaches for Diabetes and Dyslipidemia
Horm Res Paediatr 2011;76(suppl 1):76-80 77 unit of cholesterol [4] . Lowering LDL-C is effective in the primary and secondary prevention of diabetic vascular complications [5, 6] . However, LDL-C has limitations: it is a derived value (from the Friedewald equation), and it progressively underestimates LDL-C as triglyceride levels rise [7] . Further, LDL-C does not reflect the classic 'diabetic dyslipidemia', which consists of hypertriglyceridemia and low levels of high-density lipoprotein-cholesterol (HDL-C) [8, 9] .
One alternate approach to LDL-C measurement is to measure molar concentrations of LDL particles by nuclear magnetic resonance (NMR) spectroscopy. The usefulness of this approach, which brings the additional ability to measure large-and small-diameter subclasses (the latter being more atherogenic), has been supported in epidemiologic studies [10, 11] . NMR analysis is clinically available, but it is expensive and can only be ordered from a limited number of centers.
Measuring plasma apolipoprotein B100 (ApoB100) concentration may improve the definition of risk. Because there is only one ApoB100 molecule on each LDL, intermediate-density lipoprotein and very-low-density lipoprotein (VLDL) particle, its molar concentration reflects the combined molar concentrations of these three atherogenic particle classes [12] . Fasting is not necessary for ApoB100 measurement, since chylomicrons contain a different 'B' apolipoprotein (ApoB48) [13] . The ApoB100 assay is standardized, but it is not widely available.
Another valuable measure that also reflects all ApoB100-containing (and hence atherogenic) particles is 'non-HDL-C'. This is a low-cost metric that is available from conventional lipid profiles, and is determined by subtracting HDL-C from the total cholesterol value. This measurement is recommended by the National Cholesterol Education Panel -Adult Treatment Panel III (NCEP/ ATP III) as the secondary goal after LDL-C has been brought to target, and it may be superior to LDL-C for predicting risk of cardiovascular disease [14] . As with the measurement of ApoB100, fasting is not necessary for the determination of non-HDL-C because chylomicrons contain negligible cholesterol.
Plasma triglycerides have been identified as significant univariate, but not multivariate, predictors of cardiovascular disease; the difference is presumably due to confounding effects of HDL-C [8] . Whereas increased triglyceride levels are associated with activation of the coagulation cascade, no studies have demonstrated that lowering triglycerides has an independent effect on cardiovascular event rates.
HDL-C levels demonstrate a strong inverse association with cardiovascular risk. HDL has numerous functions including anti-inflammatory, antioxidant, and antithrombotic effects [12, 15] in addition to reverse cholesterol transport. It is also an acute-phase reactant. To date, interventions to raise HDL-C, which are not very effective, have not been shown to reduce cardiovascular risk [16] . As with other lipoproteins, the functionality (or quality) of HDL must be considered in addition to quantitative measures, and HDL function may be impaired in the presence of diabetes.
Treatment Targets and Goals
A detailed summary of current treatment targets is beyond the scope of this review; however, excellent reviews have been recently published by Colwell [5] , the NCEP/ ATP III [14] , and Brunzell et al. [17] . Table 1 summarizes target values for LDL-C, non-HDL-C, and ApoB100 in people with diabetes who are considered to have 'high' or 'very high' vascular disease risk. Table 1 . Target values for LDL-C, non-HDL-C and ApoB100 in people with high and very high vascular disease risk T arget value of LDL-C is <70 mg/dl (1.81 mmol/l) for patients with the highest risk and <100 mg/dl (2.58 mmol/l) for those with high risk; corresponding target values for non-HDL-C are <100 mg/dl (2.58 mmol/l) and <130 mg/dl (3.36 mmol/l), and for ApoB100 they are <80 mg/dl (1.60 mmol/l) and <130 mg/dl (1.8 mmol/l). CVD = Cardiovascular disease; DM = diabetes mellitus.
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Pharmacologic Interventions Statins (3-Hydroxy-3-Methyl-Glutaryl-CoA Reductase Inhibitors) The benefits of statin treatment in the primary and secondary prevention of cardiovascular disease have been unequivocally demonstrated. These medications may be effective in patients with diabetes because the atherogenicity of LDL particles is increased in diabetes (see below). The primary prevention Collaborative Atorvastatin Diabetes Study (CARDS) showed a relative risk reduction of 37% over 5 years of statin treatment in patients with type 2 diabetes [18] . Diabetes increases cardiovascular risk 2-to 4-fold [19] and a relative risk reduction of 50-75% would be necessary to restore the risk in people with diabetes to 'normal'. This observation underlies the concept of residual risk as reviewed below. Importantly, atherosclerosis is a disease of the blood vessel wall, and drugs with effects at the actual site of disease, not just on plasma lipoprotein concentrations, may be the most beneficial. The 'pleiotropic' effects of statins are substantial: they reduce the lipid content of plaque core, decrease the number of inflammatory cells, decrease matrix metalloproteinase activity and tissue factor activation, and inhibit plaque rupture [20, 21] .
Nicotinic Acid Nicotinic acid is effective in reducing VLDL production, reducing triglycerides and raising HDL-C. It has modest beneficial effects on LDL-C and proven beneficial effects on clinical outcomes. Side effects including flushing, hyperglycemia, dyspepsia, hepatic toxicity, and gout are usually manageable, especially with newer sustainedrelease preparations. Considering the potential benefits, nicotinic acid is underutilized.
Fibrates
Fibrates, which lower plasma triglycerides, might seem like a logical first-line treatment for dyslipidemia in patients with diabetes. This question was addressed by the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study, a primary prevention study in which almost 10,000 type 2 diabetic patients were randomized to receive either placebo or fenofibrate 200 mg daily [22] . Patients were followed for 5 years, and the data were analyzed on an 'intent-to-treat' basis. Fenofibrate failed to reduce the primary outcome, a composite of coronary events. There was a notable reduction in the secondary endpoint of total cardiovascular events, and the addition of statin treatment for patients in both randomization groups may have masked a larger effect of fenofibrate.
Overall, the study did not support a recommendation for increasing the use of fibrates in people with diabetes. A more recent FIELD study reported a beneficial effect of fenofibrate on retinopathy progression [23] .
New Concepts: Residual Risk, Qualitative Abnormalities of Lipoproteins, Extravasated Lipoproteins in the Eye and beyond the Arterial Intima
Diabetes results in different interactive stresses on tissues at the cellular level. Among these stresses are elevated glucose concentrations, increased oxidative stress, increased carbonyl stress, exposure to modified (glycated and oxidized) lipoproteins, insulin resistance, increased inflammation, exposure to glycation and advanced glycation products and reactive nitrogen species [24] . In patients with type 2 diabetes, many of these stresses and metabolic abnormalities may have been present for decades before diagnosis. Given these considerations, it is perhaps not surprising that correction of dyslipidemia over a period of a few years fails to restore cardiovascular risk to normal.
Recently the term 'residual risk' has been used in the context of plasma lipoprotein abnormalities that persist after conventional treatment goals have been reached [25] . Many factors contribute to lipoprotein-related residual risk in patients with diabetes. Some risk factors are qualitative lipoprotein abnormalities that are not detected in conventional lipoprotein profiles. Examples include altered lipoprotein particle size distribution, altered apolipoprotein complement, apolipoprotein polymorphisms, modification of particles by glycation and oxidation, and altered activity of lipoprotein-associated enzymes [26] . Furthermore, as noted above, many of the pathogenic effects of lipoproteins occur not while they are in the circulation, but rather after extravasation into vascular walls, and not only in the arteries but also in the specialized microcirculatory beds of the eye and kidney.
Diabetic retinopathy provides an interesting example for these concepts. We demonstrated associations between NMR-defined plasma lipoprotein subclasses and the severity of retinopathy in type 1 diabetic patients, particularly men, in the Diabetes Control and Complications Trial (DCCT) [27] . The associations were statistically highly significant, but only moderate in magnitude. travasated ApoB100 and oxidized LDL in retinal tissues from diabetic subjects. The extent of staining increased with severity of retinopathy, but it was entirely absent in healthy retinae from nondiabetic individuals [28] .
We hypothesize that retinal capillary leakage in diabetes results in extravasation of LDL, its subsequent modification by glycation and severe oxidation within the retinal tissue. This observation suggests that lipoproteins from plasma may play a central, and heretofore unrecognized, role in propagating retinal injury, even though the associations of plasma lipoproteins with the severity of retinopathy, although statistically significant, are relatively weak in magnitude ( fig. 1 ). Oxidized LDL is toxic to many cell types, including vascular cells, and may propagate retinal injury [28] . These observations support the concept that plasma lipoproteins (which we can study relatively easily) may modulate disease risk, but extravasated lipoproteins (much less accessible and likely significantly modified) are the direct mediators of disease. Effective treatments must thus correct not only adverse quantitative plasma lipoprotein levels, but a spectrum of qualitative abnormalities in both plasma and tissues, and the processes by which lipoproteins and cells interact at the sites of disease.
Conclusions
Diabetes and its complications are epidemic worldwide. Qualitative, in addition to quantitative, lipoprotein abnormalities are central in mediating vascular injury. In many settings, the disease process proceeds unchecked for years or decades before detection. Financial costs, as well as morbidity and mortality associated with the complications of diabetes, threaten to overcome health-care budgets. Better identification of risk factors, better understanding of disease mechanisms and development of effective screening, prevention and treatment strategies are critical in meeting these challenges.
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